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REvIEW OF PROPOSED KAON FACTORY FACILITIES

R. J. Macek
Ias Alamoa National laboratory, Loo Alamos, NM 87545

ABSTRACT

A number of proton accelerator facilities, popularly called
“Kaon Factories,” have been proposed co extend the inteneity frontier
from about 1 GeV to higher energies in the range of 15-45 GeV. Seven
proposed faciliti.ea - LARTF II, TRIUMF 11, SIN II, AGS II, UK,
MUNICH, and KYOTO - are reviewed with emphaeia on capabilities of the
experimental facilities. Coate and the choice of energy and current
are also discuaoed.

INTRODUCTION

For some time now, intermediate energy physicists have
recognized the rich scientific opportunities that would be made
acceaeible by extending tha fnteneity frontier to higher energieo.
Preeent+ay meeon factories have demonstrated the imnenae scientific
value of high intensity, high quality beama of protonn, piona, muon~,
and neutrinos. The naxt clear step along this fruitful path is to
add intenee, high quality beams of kaone, antiprotonsp hyperons,
higher energy protons, piono, muone, and neutrinom to the facilities
already available to the nuclear and particle phyeica commnity.
Such a step requires a major commitment to a new generation of high
intenOity, hfgher energy facilities. Therefore, my purpose will be
to describe the main featuree and the experimental capabilities of
the ?ew facilities proposed to meet these goala. However, I will not
addreee further the important and Interceding topic of phyaica
juatificatio[l, ae it is beyond the scope cf this paper.

OVERVIEW OF PROPOSED FACILITIES

Three basic design approaches can be identified in thene
proposals. In one, the plan is to increase the energy of an existing
hiuh-intennity machine by post-acceleration, aa is the case for
proposals from each of the me~r.n factoriee, LAMPF II, TRIU?IF 11, and
SIN 11, where the poet-accelerators, in each case, are rapid-cycling
aynchrotrone. In the second, the inteneity of an existing
high-energy machine 18 increaeed ad proposed for AGS 11 and in some
preliminary ideas for (p-grading the 12 (%V PS at KEK. The third
approach is to start from scratch and design a completely new complex
where each component can be optimized for the final goal. The latter
approach hae been taken in a propooal for a “Kaon Factory” at Kyoto
and in another propoeal from a group at Munich.

The LAMPF II proposal in the firet category 10 the moot complete
at this time.1 A layout of the site plan for LAMPF II IS ahowr in
Fig. 1. The LAIIPF ljnac, with lta high paak intensity, IS an idaai
injector for a rapid-cycling rnynchrocron. It will coon accelerate an
intenee H- beam in addition to the lntenae H+ and polarized H- beamm.



The first use of high intensity H- beam till be for injection into
the newly ccmplated proton storage ring fPSR) whose main function
will be to provide pulsed beam to a spallation neutron facillty.
~lve macropulses per second of the 120 Hz available will be used
for PSR.
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For I.MfPF II, 6fi macropulsee (1 ma in lengt~l~ per second of
H- beam will he deflectzd in:~ an f!n~ MeV injection line, transported
to a booster, nml injecced via efficienc H- atrfpping into a 6-(23V
rapid-cycling booster synchrotrons, which would operate at 60 Hz.
Fact ●xtraction only la planned for the booster. Four booattr pulses
out of ?D would be injected into the main ring while the remafninb
pulses would be transported to a pulsed beam area, labeled Area N,
which would have both neutrino and p~laed muon facj.lities. The main
ring would be a rapid-cycling nynchrotron ~peratlng at 3 Hx and would
accelerate protons to li5 -21!V. ~ ‘1.at-top on the magnet cycle would
allow slow extraction from t,~e main ring with 5n? duty factor= The
high-energy, elow-extracted beam would be split in a new high-energy
ewltchyard into two aimultaneoue beams by une of a <t>mbination of

electroetntic and magnetic aepta. One beam would be transported to a
reconflxured and extended Area A chac would houee t Uo production
tatget~ nnd a number Of lou+nerRy secondary beam faciliciee. The
other portion of the pr!mary be~m would be transported to 1 new
high-ene:gy area Iahelad Area !-I, which would contmtn Lhe high-energy
secondary beam faciliti~m. All three experimental arean (A, H, and



N) would receive beam simultaneously with 800 MeV beam to PSR. In
this mode 134 MA (average current) of 6-GeV beam 10 available for
Area Nwhile 34 IIA (average) of 45-GeV beam is available for sharing
in Areas A and H. Beam power on target is 0.8 MU for Area Nand 1.5
MU for tha high-nergy beam for a total of 2.3 MU (average) f.>r the
three main experimental areaa. The micro-structure of the 45-Gev
beam consists of pulses about 2-ns wide separated by 16.7 m.

With faat extraction It la pom~ible to operate the 45-GeV main
ring at 6 Hz and thereby deliver 68 PA (average)) for ●xample, to the
neutrino area for production of higher energy neutrinoe. A 45-Gev
stretcher ring can be added to thrj main ring tunnel as a future
option to provide 68 I,IA with 100% duty factor to the elow-xtracted
beam areaa.
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Flu. 2. Plan for TRKUMF [1.



The TRILR!F 112 and SIN 113 propoaale make use of existing
cyclotrom as injectors. Because the essentially CU time structure
of cyclotroma is not veil matched to a synchrotrons, an accumulator
atagm la ●dded to compress the beam and provide an ideal time
structur. for single-turn injection into the synchrotrons.

l’he pro~asod site-plan layout for TRIUMF II is shown in Fig. 2.
The existing TRIUKF cyclotron would be modified co permit extractim
of H- at LAO NeV so that it can be Injected via stripping into an
accumulator ring housed in the 3 GeV booster tunnel. After the
accumulator 16 filled, it ia emptied in a single turn into the
booster synchrucron that then accelerates to 3 (+V at a 50 Hz rate.
The large-circumference main-ring tunnel houses t:hree rings, one
a hove the other, and descriptively named the collector, the driver,
and the extender, respectively. After five booster pulses are
accumulated in the collector, it le emptied in a single t~rn into the
driver synchrotrons, which accelerates the beam to 30 GeV at a 10 Hz
rate. The 30+V beam, which is extracted from the driver in a
single turn, can be transported directly to the pulsed neutrino
facility or Injected into the extender, -tiich functions au a
stratcher ring to provide slow spill with 100Z duty factor to the
main experimental area. The slow extracted beam is split by a
combination of rf deflection and electrostatic and magnetic septa
into ae many as four separate primary beam l.ineb in the main
experimental hall. One bonus from the rf deflection 10 a doubling of
the separation between micropulsee to 32 no, which Is advantageous
for certain cime~f-flight applic~tions. TRILWIF II will prov+.de

UA (aver~ge) beam at

lfJo

30 r@V for a total of 3 MIJ of beam power on
target.

~ upgrade of the Sly fac~lities to 2 mA is currently underwav.
For SIN II, a portion of this beam would be deflected to a complex of
post acc~lerators as shokn schematically in Fig. 3. The deflector,
operating at 3 kHz, provides a train of 5Q~-MeV beam pulses 30-uB
wide separated by 0.33 ma to a combined accelerator and 9tOra8e rins~

ASTOR. This unique interface 18 an iaochronoua cyclotron that
acceleraree beam to 1.3 rGV And permits stacking of 1~~ ASTOR turns

at the extraction radiue through the eo-calltd phase-expanelm
proceam. A fast kicker extracts the stack in a 3ingle turn. In
order to reduce extraction loemes, a 7Q ne ‘:~id iB created by
deflectin4 3 out of 12 micropulses uich an rf deflector before
injection into ASTOR. The 17b,d long ASTOR pulses are parked in an
accumulator rinR in the main-ring tunnel. The accumulator is
actuallY four rings, ~ne ~n cap of the ocher. It ~:an score kc! (~x15)
ASTOR pulmeo, which are then ❑erged and transferred Into 15 “boxcars”
of the 50 Hz rapid-cyclinu aynchr~tron. After acceleration to

20 GeV, the beam 18 extracted in a eingle turn for use in a neutrino
area or .njected into a stretcher rin~ for slob •xtrdCt~On t~ rhe
main experimental area. The micropulse struc:ure at 2n C*V is l-2-nf3
wide pulses separated by 19 nn. The averaRe beam Intenetty at 2n GV
io ●xpected to be nbout 8n uA, thus providing l.fi PfU of beam power on
target, 5on,e thouuht te b@ing uive~ to fncren~ilul ttm final energy
to 30 ~4v.
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Fig. 3. SIN 11 Schematic layout.

AGS 11’ is the name given to a collaccion of fmprovamenta
designed to lncreaee the inteneity of the venerable AGS by an order
of magnitude or ❑ore as wall am improve opara:lonal raliabilicy. Me
of the moat Lmportant improvements wuld be the addlclon of a booster
dymchrotron to rai-e the space-charge limit of cl-a AGS. The loueat

energy (and least expensive) booster being discueoed i~ 1 GeV and ie
chou~ht co be good for a factor of four increama in Inceneicy. Sllch

a booeter ia almo needed for the heavy-ion program sought at tlNL. A
nurber of improvements resulting from increueed effort on machine
development ntudiee can be espected to yield modest increaees in

intenolty and improved raLiabillty. A future mite plan for the ACS

la ehown in FIR. ~. Included are the hooc:er and tranafer lima for
the heavy ion program.
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Fig. 4. AGg II Site Plan.

In a second phase, the addition of a 30-GeV stretc!~er ring to
the AGS tunnel would allow the AGS to operate at nearly a factor of
two higher repetition rate for a corresponding increaae in Intensity
while at the came time providing 100% duty factor for the slow-spill
beam uaere. A third phaee hae been discussed in which the booet~?
energy la increaaed to 2.5 C*V, further increasing the apace-charge
limit of the AGS. To handle the increased intensity, the rf eystem
of the AGS would need to be replaced while major upgrades are needed
for the vacuum and controls systems. At some point, improvements to
the experimental areas would be needed to properly handle ana exploit
the increaaed Intensity. Principal beam line improvements to the
nlowextrncted beam area could be the addition of a high acceptance,
good resolution 1-2 GeV/c kaon beam line, time %cparated and time
purified antiproton beam, and external heavy-ion heamo. Improved
tarsat cooling, additional shielding, additional radiation hardenlna
of components, and remote ~ervicinu capubilitiee are probably needed
for higher intensity operation.

Many of the ACS 1[ ideaa are documented in the AGS 1[ Taak Force
Reporr submitted to the llNL mana~ement.k [~urther evolution of
priorities hae taken place Bince that r~port. Baeicnlly, IINL
nanagemont gives f.ta highsst priority for new conetr’jction to the
Relativi~tlc Heavy Ion Collider, RHIC. The l-GeV booster would nllow
the AGS to accelerate heavy lone rind, ma such, Is an important
precondition for RHIC. It hne been propooed to tha Eundtng agencjas.



A future plan of the Ul(5 site ie shown in Fig. 5. GEMINI 10 e

proposed rapid~ycling 800 MPV eynchrotron that W’odd provide jud MA

of protons to an intense spallation neutron source, KENS-II, and to

an exteneion of the meeon science facilities, Super BOOM. A kaon

factory might be achieved by using GEHINI as an injector for another
higher-energy ring ouch as the 12-GeV PS- It@ circumference hae been
chosen to be half that of the 12-GeV PS in order to allow for such a
poeeibility. The PS would require modification to handle high
inteneity. Another poeaibility might be a 30-GeV tiuperconducting
ring in the preeent 12-GeV PS tunnel. These and other possibilities
will be looked at in more detail in the near future.
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Flu. 5. Future Site Plan for KEK.



A group from Munlch6 has proposed an ambitious kaon factory that
would deliver 500 VA of protons at 30 GeV. Its layout is shown In
Fig. 6. The first stage is a slightly enlarged version of the SIN
Iujector II cyclotron delivering 5 m~ of protons at 100 MeV, which
are then Injected Into KISS, a 2.5-GeV superconducting isochronous
sector cyclotron. Most of the beam from KISS (80%) would be
delivered to a nearly CW spallation neutron source (CNS). I!he
remaining 20% of the beam from KISS is delivered in 2 ms pulses for
multiturn (900 turns) injection into an accumulator ring (ACC) that
is one of three rings in the main ring tunnel. Half (50) of the
accumulator pulses are ejected to a pulsed apallation neutron source
( PNS) and the other half are injected into a 50-Hz, 3C-GeV
rapid-cycling synchrotrons (RCS) in the same tunnel, The third ring
in the main ring tunnel is a 30-GeV stretcher ring to provide slow
extracted beam with 100% duty factor to meson and antiproton
experimental areas. l’his propossl IS not active at the present time;
the proponents have turned their attention to other projects.

Am COULOMB WALL

~ig. 6. %nich kaon factory plan,

The seventh proposal to be discuseed is from a group at Kyoto7
University where they want to build a high-intensity accelerator
complex for meson science. A plan view of the proposed facilltie~ is
shown in Fig. 7. ‘l!’he latest version of their plan calls for an
800-MeV linac, a 25-GsV rapid-cycling synchrotrons, and a stretcher
ring. Additional options being considered are an 800-MeV compressor
ring and an antiproton accunlulator ring.
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Fig. 7. Proposed facilities at Kyoto.

The linac is based on the PIGMI deeign and would be smaller,
lees intense, and less expen8ive than the exi~ting LAMPF linac. It
would consist of a 2.5-MeV RFQ, a drift-tube linac of 115 MeV, and a
coupled-avity linac of 800 MeV. Xc will be capable of simul-
taneously accelerating 100 BA each of @ and. H- at 60 Hz. The H+
beam is used directly for a apt.llatlon neutron source, pion
radio-therapy, and isotope production. The H- beam is used for
injection directly into the 30-Hz rapid-cycling synchrotrons ae well
as for injection into the compressor ring.

Since the 15-GeV synchrotrons operates at 30 Hz, the remaining
30 Hz of H- is availqble for the compressor where the time etructure
will be compressed from 20 Ba to a few hundred ns. This can be used
for pulsed ne~tron and pulsed muon beams. Another uae for the
compressor ie for antiproton accumulation. Here the compressed beam
is transferred to the main ring, accelerated and extracted as a
pulsed beam whose length la the same aa the circumference of the
accumulator ring, The short pulse of protone could aleo be used to
provide pulsed neutrino beame. A stretcher ring 18 located in the
main ring tunnel and provides S1OW spill with 100% duty factor to the
K-meson area.

A summary of the main parameter for the seven proposed kaon
factories is given in Table I below, including a comparison with the
today’ a standard, the AGS at BNL. Also included is a brief
indication of proposal ntatua. LAMPF 11, no far, in the only

proposal submitted to the funding agencies. TRIUMF 11, SIN 11, and

the KYOTO proposals are actively being developed with a fo-1
proposal expected shortly from TRIUMF. The atatua of AGS 11 is more



Table I. Main parameter for proposed kaon factoriea.

BEAU DUTY
ENERGY CURRENT POWER* FACTOR# PROPOSAL STATUS
( &v) (PA) (Mu) (%)

LAMPF 11

TRIUMF II

SIN 11

AGS 11

MUNICH

KYOTO

AGS (today)

45
+(6) (1;:)

30 150

20 80

30 - 10-27

12 or -lo?
30

30 500

25 50

30 0.8

2.3

3.0

1.6

0.3-.9

?

15

1.25

0.024

50%

100

100

100

?

100

100

50%

PROPOSED &
SUBMITTED
FEB ’85

ACTIVELY BEING
DEVELOPED

UNDER
DEVELOPMENT

HEDG REPORT

IDEA

IDEA

UNDER
DEVELOPMENT

EXISTING
MACHINE

*U&am Power cfl Targeta
fllluty Factor for Slow Extracted Beam

ambiguous given the top priority assigned RHIC by the Bhl m~nagemellt.
The proposal from Munich 1s not currently active. The ideas for a
kaon factory at KEK may get more aerioua consideration in the near
future.

CHOICE OF ENERGY AND CURRE@!T

Many complex factora - phyaica, costs, reliability - fnfiuence
the choice of energy and current. It la one of the meet important
choices made by proponents of a kaon factory. I will give the
argumenta for the LAMPF 11 choices; othere have conaiciered many of
the same points but aometimea reach slightly different optimization
that axe tailored for ~heir particular circumstances. ‘or the baeic
LAMPF 11 design we find that, over the range of interest, coata are
more strongly correlated with beam power than with either energy or
current alone. To first approximatio.~, the costs are f?.ncd by choice
of beam power. Given a fixed beam power we were driven to highec
energy and correspondingly lower currenc for two reaaona. From the
point of view of accelerator technology, it IS eaeier and more
reliable to achieve beam power with higher eneruy than higher cur-



rent. Problems of beam stability are lees at lower current.
fit eecond reaaon hae to do with two physice arguments. One is

the general perception that QCD effecte in nuclei are more likely to
be understood with a range of probes, including higher-nergy probee,
than with only lower-energy probes. The other is the observation,
illustrated in Fig. 8 for K- production, that low-energy beam rates
will not euffer and th~ higher energy, eecondary beam rates will be
~ignificantly enhanced by using a higher, primary beam energy even
though the current in proportionally lower. In Fig. 8 the forward
(0°) K- yield per interacting proton divided by incident proton
kinetic energy, essentially the yield per unit of interacting beam
power, is plotted as a function of prjmary beam energy over the range
10 to 70 GeV for several values of the secondary beam momentum. For

K-Pmduction(O”)frorn Protomcm 8e

(Radial Scaling fi~to oata)
1

X“ 1.4 GeVAJ K- ~

0’15GeVk K- -

I0“6o ; *L ~ 410 ;0 ;0 ~~

Tp
Fig. 8. K- yield per unit of interacting beam power.



the lower-nergy seconliaries the curves are flat over the reg:on of

Interest uhile the ligher - energy curves plateau at successively
higher primary-beam energies. T’bus, the IA4PF II choice of L5 GeV
pri~ry-be~ energy insures a high yield of 15 GeV/c K- without
eigniflcant reduction of the low-nergy beam rates. Similiar
argumefite and data hold for antiproton production.

Much the same reasoning holds for neutrino beams. In Fig. 9 we
have plotted the relative -e zounting rate per

‘b
unit of incident

beam power, ([~Flux E.J]/EV), c a Function of incident proton momen-
tum for a typical neutrfno beam and de:ector. After the knee of the
curva, which occurs near 7 GeV/c, the counting rate is essentially
flat, thus a function only of beam power. The LAKPF 11 booster
momentum of 7 Gevic, which was chosen primarily for reasons of
accelerator efficiency, also turns out to be optimal for a low energy
neutrino facill:y.

1 I I I I I I I I 1

Rolatnm vxe counting rate In a 4m x 4m detector

Iocatod 90m from a Be production target.

Ideal (0-45”) W+ focusing.

60m decay tunnel

30m thick shield
[1

(@~ g“

f~i

OTrdllng Formula

X Sanford Wang(AGS)

I

d Sanford Wang (ZGS)

● PPA Data t13”- 45”)
I

o U PPA Data (13” -7~)

L 1 1 1 1 1 ~~ I
O 5 10 15 20 25 = 35 40 45 50

P, (Gev/c )

Fig. g. Relative ‘J -e rate per unfc or incident beam power.
u



CAPABILITIES OF THF EXPERIMENTAL AREAS

For mast experimenters the capabilities of the experimental
facilities are @f paramount importance. I wll~ conce~trate on the
LAHPF II areas since they are the most complete ●t this time and are
fefrly representative of what can be done at a kaon factory. The
goala for IAMPF II are CO provide a number of high-intensity, high-
q~iit~ beam l’~es. By high quality, I mean such factors as high
puriry, good ener=, resolution, and good spatial definition; in fact,
high brightness in all 81% dimensions of phaee space in highly
desirable. We want to run many experiments simultaneously while at
the same time maintaining a highlv reliable operation. Therefore we
propose 10 simultaneous high-intensity secondary beam lines covering
a broad range of evergiea and apeciea that can all operate and
deliver beam at the same time.

To achieve these goalg requires, firet and foremost, a strong
capability to handle high Inceneity. The successful experie.cu at
LAMPF with 1 ti beam and the experience at the other meson factories
with high-intensity beame 1s directly applicable to LAMPF 11. We
nave mastered the problems of reliably cooling high-intensity targets
and nearby components. We t,ave proven designs for radiation-hardened
beam line components ana ‘Je have :roven capabilities for remote
se~icing of these components. Throughout the design process we have
given careful consideration to cie-reloping cost-effective solutions.
I will point out some spe~ific ones lacer.

EXPERIMENTAL AREA N

\

-.. MAGiNETIC MUON SPECTROMETER

\l –EXPERIMENT DETECTOR

–FLUX MONITOR
-PULSED MUON AREA

—-——BEAM AXIS

r TAR(3ETi

[
‘FOCUSINQ HORNS

-DETECTOR HALL

METERS

Fig. 10. Area N layout f~r LAMPF 11.



One new technology needed for IAMPF II la high-duty-factor rf
separators Theme are needed to purify the kaon b=~as above about
6 GeV/c and antiprotm beams above 9 GeV/c. Superconducting rf
cavities show much promise in thfs area. It is an option we want to
pursue for LAMPF II.

Area N at IA4PF 11 is shown schematically in Fig. 10. It will

receive 6 GeV pulsed beam from the booster and will contain pulsed
neutrino and pulsed muon beams. The primary beam strikes a long
graphite production target partially enclosed by the first Iorn of a
two-horn pion focusing system. From the focusing system, the piona
drift into a decay tumel. Tne shielding at the end of the tunnel
removes all but the neutrinos that pass into the detector hall. A
muon channel views the first few cm of the target and in this vay can
operate at the same time as the pion focusi~g horns. Area N la all
below griide to minimize shielding costs Acceaa to the targets and
focusing horns is vertically through high-density shielding that
permits use cf LAMPF standard remote-handling ;quipment when nec-
eabary for remote maintenance.

Calculations of the neutrlno flux spectrum have been made for
thz LAMPF II neutrino facility; they show that it will be the world’s
highest-intensity neutrino factory by a wide margin. Results for the
u spectrum are plotted in Fig. 11. Also shown for comparison are

b

Fig. 11. LAMPF II neu-
crino flux spectrum.

Io’a

lo”

L
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results for the wide-band beam at today’s AGS using 28 @v/c incident
protons. The LAKPF II neutrino flux is about a factor of 100 higher
in intensity and peaks at factor of two lower energy. For v-e
scattering and neutrino-oscillation experiments~ the lower energy is
more desirable.

Beam line parameters and rates for the pulsed muon channel are
shown in Table II below.

Table 11. Pulsed muon channel parameters.

Target = 40 mm graphite Aflw = 42 ms

5m long solenoid AP
T

~ _ 16%

lt- rate into solenoid 1P = 170 UA

= 7.6 + 109/s

IJ- Mte at output = 2.4 x 10B/s

The low-energy secondary beams will be housed in Area A as shown
schematically in Fig. 12. A fraction of the 45 GeV beam from the
awitchyard is transported to Area A where it strikes two targets, A-1
and A-2, in sequence. The remaining primsry beam then drifts to a
beam stop. The first target of about-1/2 Interactlou l~ngth in

~~ 7

—.

J ,,//

I
(

oF---+--?m l-_._J——.—-

Flg. 12. Area A layout at TAMPF II.

thickness is viewed by two Iowaneruy kaon beam lines complete with
apectrometera whoee energy resolution l.e ouitabla for nuclear
structure ~tudieo. Th@ number i’ollowing tha K in the name refero to



the maximum momentum kaon transported by that beam line. A general
purpoea tast beam also receives beam from the first target. The
eecond target of about one interaction lenfith thickness providea beau
to two general-purpoee charged kaon beam l.t~~a, K2 and K6, a neutral
beam (Ko). and a stopped muon channel.

The three lowest-energy charged kaon beame will each have two
stagea of CC reparation to insure good beam purity. One stage of
separation ia sufficient for K6, While each of the charged kaon
beamo has been optimized for kaona of the maximum momentum
transported by that channel, they are also, in fact, first-rate pion
and antiproton beama. In all, Area A will houee alx hign-intensity
secondary beama plus one test beam, all of which can operate
simultaneoualyo

‘he LAMPF II secondary beam lines have not been designed in
detail. Instead, the most important features have been deduced from
general principles in a “top down” kaahion. One critical region
receiving the meet attention so far is the first section of beam line
in the target cell. In general, this aectlon hae the moat design
conatrainta including the need for special cooling, radiation
hardening, remote servicing, and the geometrical constraints of
fittfng in two large-acceptance, forward, charged, secondary beam
channels along with a channel to allow passage of the remaining
primary beam. The beam line beyond the target cell region can be of
a more conventional design using more conventional components.

One design for meeting the target CQ1l conatrainta id shown in
plan view in Fig. 13. The downstream magnets are protected from the
high heat and radiation load of scattered beam by a water-cooled
copper collimator that absorba 80-90% of the scattered beam power
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Fig. 14. Cross section of half-quadrupole pair in target cell.

incident on the collimator. Half~uadrupoleo and other combined
function magnets p~”ovide the neceseary bending and focueing of the
secondary beam with the least geometrical interference, A
croee-sectional view of Che half qvadrupolea in a plane perpendicular
to the prinary beam is shown In Fig. 14. A hole in the mirror plate
provides a field-free channel for the primary Proton beam.

High-energy eocondary-beam facilities are desired for LAMPF 11.
These would be housed in a new experimental area, H, Ihown very
schematically in Fig. 15. A portion of the 45-CdV primary beam is
transported to this area, which is below grade to reduce shielding
costs. The first target serves n double-armed -pectrom@’nr facility
that, in the configuration shown in Fi.R. 15, coi~ld bt ~~vd to etucly
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Fig. 15. Schematic
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layout of Area H nt LAMPF 11.



high Pt ments in p--p interactions. Another configuration of
spectrometers could be used to study high-energy muon pairs from the
Drell-Yan proccuo. The second target provides secondary beam
particles to ● zero-degree, general-purpoee~ high-energy beam, K35.
It would hav~ two branches; one branch wo~ld have high acceptance and
be unseparated while the other low-acceptance branch wc~ulci have beam
purity enhanced by the uee of high-duty-factor, superconducting rf
separators. Both facilities in Area H cauld take beam siluul-
taneouely.

The important parameters for the LAMPF II secondary beams are
slmmerized in Table III below. ‘The maximum beam rates in the last
c~,lumn are eetimated assuming that all of the 45 GeV beam strikes the
target fcr the beam line being considered except for the pulsed muon
and neutrino beams where the ratee are for 134 PA of 6-GeV beam on
target.

Table 111. LAMPF 11 secondary beamline parameters.
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x went to summarize the expected performance characteristlca of
r,hese beam lines. For many ueers the single most interesting
characteristic would be the K- beam ratee. These are shown as a
function of Icaon momentum in Figs. 16 and 17 under typical operating
conditions where all beams are operating simultaneously, all pro-
duction targets are in the beam, and the primary beam iS split
equally between Areae A and H. The ratee range from 104 to 108 per
second. The large difference between the separated and unseparated
branches of K35 is due to the reduced acceptance of the separated
branch caused by the limited aperature of the rf separators. Also
shown, for comparison, are a few points for today’s K- becma at BNL.
LESB 1, LESB
that Cl 1s an
beam at BNL
factor of 100
extra length~
decay losses.
high-momentum

...-.
II, and MESB are-single-stage separated beams. Note
unseparated team; there is no high-energy separated

for comparison. In general, the LAMPF II beams are a
higher except at the very low momentum end where the
due to two stages of separation, results in significant

This is the price paid for higher purity. At the
end of the spectrum, the LAMPF 11 advantage is even

greater and is a result of the higher primary beam energy aa
the higher intensity.

104‘1 drLES91(8W)

E 4MESI!(BNL)

1,5 2,0

P(Gd//c)

Fig. 16. Low-energy K- beam rntee at LAMPF 11 compared with
today’e ACS under typical operntinu condition.
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Fig. 17. High-energy K- beam raten at LAMPF 11 compared with those
at today’6 AGS under typical operating conditions,

Beam purity is a very important parameter for the Intanse beams
planned at the kaon factories. The calculated r-/K- ratio for the
LAMPF II kaon beam~ is plotted in Figs. 18 and 19. The design goal
was a ratio better than 1:1 and the calculations show that should be
achieved except for the very lowest momenta in K6. For comparison,
the reported value of this ratio for MESH 11 (BNL) for 700 MeV/c in
about 20 compared with about ().14 expected for the LAMPF 11 beams,
K(l.8 Or K1.2. For MESB at 4 C*V/c, the reported T-/K- ratio is about
3 compared with about 0.28 expected for K6 at LAMPF 11.

The K+/K- ratio for 0° production is plotted as function of kaon
momentum in Fig, 20. It shows that the rates for K’+ will be about a
factor of three high:’r than the corresponding ratee for K- except ac
the high-momentum end of the spectrum where the K+ rate ts
significantly higher. The KO spectrum at the end of the KO beam line
10 shown in Fig. 21. k[t pea s at About 5x107 pL per uccond per
rk)v/c. The total K!, rnte i.nte~rated over momentum is about 109 K?
per second.
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The rates for other particle species (antiprotons and pions),

Wnlming typical operating conditions) are shown in Figs. 22 through
25. The rates for antiprotons are comparable to K- while those for
pions a:e two to three orders of magnitude higher and can be as high
as 101° plons per second in the unseparated branch of K35.

I will mention briefly the experimental area capabilities
plsnned for the other proposed kaon factories in so far as they are
known at this time. The proposed layout of the experimental hall for
TRIUKF 11 is shown in Fig. 26. The fast-extracted beam strikes a
target at the neutrino facility in one comer of the hall, Four
slow-extracted primary beam lines with one thick target fo~ each
provide the beam for the secondary lines. RI, K3, and KS would be
the first beam lines to be j.mplemented. A summary of parameters for
the initial beams are shown below in Table Iv.

Table IV. Summary of initial charged particle beams for TRIUKF II.

6
K1 2 100 30

3.5

104
K3 4 LI 8

0.9

0.8
K5 5 18 3

0.55

5 10 500 1(J3 6

0.5 1 300 500

80 150 2,5~lC” 3.5*104 40

6 11 104 1.49 10b

36 60 2,7s104 3.5.104 6

36 1.3*iOq 1.6* 104
-.

Cslcuiated K- beam ratee for typical operating conditions of 33 IJA at
30 C*V Incident on thick target (30% of protons interact) are shown
in ?ig. 27 aa a function of momentum for eeveral secondary beam
channels. They are comparable to those exp~cted at LAMPF 11.



Fig. 22. Low - energy
antlproton rates for
LAMPF II beams under
typical operating con-
ditions.

Fig. 23, High -energy
antiproton L“ates for
LAMPF 11 beams under
typical operating con-
ditlone.
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Ftg. 24. Low - energy
lr- beam rates for
LAMPF 11 beams under
typical operating con-
<itIons.

Fig. 25. High-energy
lr- beam rates for
LAMFF 11 beams under
typical operating con-
ditions.
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A schematic layout for the slow-extracted beam area proposed for
SIN 11 ia shown in Fig. 28. The configuration is quite different
than that proposed for T’RIUMF11. Here there la only one primary
beam and all targets are in series along the primary beam line. In
co-on with TRIUHF II and LAMPF II, there would be generally two
charged -particle eecondary beams per target. A similiar choice of
secondary beams has also been made. One unique exception is a long,
high~nergy, decay channel. It serves either as a muon channel or as
a time-separated antiproton channel. A 6.5-m Be absorber will remove
pions from the rnlon beam and is expected to give a u/p ratio of about
10-6. A mnmnery of the beam parameters for the beams suggested for
SIN II are given in Table V below.

Fig. 28. SIN 11
experimental ar(!a
plane
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A very preliminary layout of the slow-extracted beam area for
the ~oto kaon factory is given schematically in Fig. 29. There
would be two primary beam lines with two tarSets per primary beam
line, much like the configuration for LAMPF II. The plannera at
Kyoto, however, ahow more secondary baam lines with greater emphasis
on muon beama aud stopping kaon beams.

1 I 1 I ~—
0 60 100 160 200 m.ter.

Fig. 29. Proposed experimental areaa for the Kyoto kaon factory.

In spite of the difficulty of trying to be completely fair while
at the same time brief and concise, I will try to summarize the
comparison of the several kaon factories with j\JSt a very few
numbers. Table VI sk.ows a comparison of the estimated annual yield
of K-, antiprotono, and for LAMPF 11, TRIIJMF 11, .~nd SIN 11 in

‘uunite to today’a AGS.

Table VI. Eatimatd relativ~ annual yielde of several kaon factories.
(ACS 1984 = 1)

K-/year filyear vvlyear
(7 Gevlc) (7 @v/c)

LAMPF [ T 193 ‘)()2 112

TRIUMF 11 161 176 100

SIN 11 46 ‘)3 33



COSTS

UPiPF 11 la the only kaon-factory proposal for which a coat
estimate can be discussed in this presentation. The estimate was
prepared jointly by LAMP staff and by a team from Science
Application International Corporation (SAIC) lead by Paul Reardon
and Maurice Sabado. The SAIC team had just finished work on the SSC
cost eetimate and were in a good position to provide expert
assistance to the LAMPF 11 effort. The LOS Alamoa work breakdown
structure was used; the majority of Items were independently checked.
Rules of thumb based on recent experience with large accelerator
projects were used to estimate installation at 19%, project
management at 11%, and contingency at 2.5%. A simplified summary of
costs is provided in Table VII below. The last column gives the
total coat including contingency, installation, and project
management. Typicallyp the total cost including all the above
mentioned factore lo about double the coat of the hardware or
material. The grand total for TJUWF II is 452 million dollars of
which about 60% is for the accelerator and 40% for the experimental
facilities but not includina major detectors.

Table VII. Simplified summary of LAMPF II coats.

Material Material + Total Cost
Labor

6 Oev
Conventional Construction
Accelerator
Experimental Facilities

45 C*V
Conventfond Construction
Accelerator
Experimental Facilities

$29.lM
$ 35.6M -

14.9

Subtotal

S 45.OM
75.0
29.0

$149.0 M

$ 4(3,0 M
120.0
143.(-7



CONCLUSIONS

The seven proposed facilities reviewed in this paper are the
manifestation of a etrong and growing interest in and enthusiasm for
the kaon -factory concept. Facility deaignera are making rapid

progress in developing cound proposals. Much has been accomplished
to establish the scope of these projects, but much remairs to be done
before conceptual designs are completed. Now is the experimenter’s
“winaow of opportunity” to influence the facility deei8ne. Science
bud8eta will not permit the provision of facllitiem optimized for
every worthwhile experiment, but with thoughtful and timely input
from potential users, perhaps we can make better initial choices.
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